The histologic effect of 400 mg/M*/day of hydrocortisone, given alternatively from day 7 to day 19 after birth, was studied on the spleen of the immunologically immature rat. Two days after the cessation of treatment, the penarteriolar lymphatic sheaths were found to be largely depleted of small lymphocytes. Immunoperoxidase studies confirmed a depletion of T lymphocytes. The effects of hydrocortisone on the thymus seem to be more important than its direct lymphocytolytic effect in producing this splenic lesion. In contrast, no apparent change in the number of medium-sized B lymphocytes in the marginal zone was detected. Medium-sized B lymphocytes of the spleen, reported to be responsible for IgM synthesis, appeared to be subjected to a different mechanism of hydrocortisone action, other than lysis, resulting in a decrease in antibody production. Primary folliclcs were not seen in spleens of hydrocortisone-treated rats. Twentythree days after treatment, spleens had a histologically normal appearance.
INTRODUC~~ON
In the previous article, we showed that immunologically immature rats treated with alternate-day hydrocortisone followed by a recovery period suffered from overall growth retardation, undergrowth followed by overgrowth of the thymus and spleen, slowly reversible Iymphocytopenia, and reduced IgM concentrations.
The effect of hydrocortisone on the immature immune system may be partially due to its action on the thymus (6) as well as a possible direct effect on antibody-forming cells in tissues.
To complete the picture, it is necessary to investigate the effect of such a regimen on lymphoid organs. Many studies have confirmed the destructiveeffects of corticosteroid on lymphoid tissue of steroid-sensitive species (2, 1 I , 12). Others have reported the sensitivity of small lymphocytes present in lymphoid organs to the effect of hydrocortisone (1, 14) . In the present article, the effect of alternateday hydrocortisone therapy on the histology of the spleen was investigated. The study includes the use of monoclonal antibodies against B and T lymphocytes to determine the differential effect of hydrocortisone on each population.
METHODS
Tissues for the present study were removed from animals described in the preceding article Briefly, 400 mg/M2/day of hydrocortisone, or vehicle, was injected on alternate days, from day 7 to day 19, in immunologically immature rats. Animals were ei-'ther sacrificed at day 21 or day 42, 2 or 23 days following the cessation of therapy, respectively.
Histokqg. For routine histologic studies, pieces of spleen were fixed in phosphate-buffered formalin "(pH'6.9-7.1), and the sections were stained with H&E.
Iiiiimnoperoxidase Staining. Monoclonal mouse anti-rat antibodies were obtained from Seralab (Sussex, England). They included anti-IgGF(ab),, clone 0 x 1 2 , for identification of B cells. This antibody recognizes anti-rat Kappa chain, with a preference for the b allotype (17) , present in some strains of rats such as the Lewis albino rat, which was utilized in these studies. Anti-rat T-cell antigen, clone 0 x 5 2 , which recognizes a molecule largely restricted to cells 383 of the T-lymphocyte lineage (22) , was also used. Both were of the purified Ig type and were diluted to 150 in 1% normal goat serum in phosphatebuffered saline (PBS), pH 7.6 (PBS). Normal goat serum and mouse peroxidase-anti-peroxidase, a 50-slide immunostaining kit, were purchased from Accurate Chemical &Scientific Corp. (Westbury, NY).
ImmediateIy after sacrifice of animals, spleens were removed and placed in dry ice until sectioned. Cryostat sections were prepared and picked up on clean, dried slides. Sections were air-dried for 2-3 hr, fixed in absolute ethanol for 10 min at 4"C, and air-dried again for at least 1 hr. Prior to the incubation with monoclonal antibodies, sections were washed in PBS, pH 7.6. They were incubated with monoclonal antibodies for 1 hr at 4°C and an additional hour at room temperature, washed thoroughly with PBS, and processed according to the peroxidase-anti-peroxidase technique (PAP) (8,23).
RESULTS

Histology
The white pulp of spleens from 21-day-old vehicle-treated rats consisted of 2 zones: the periarteriolar lymphatic sheath (PALS) and the marginal zone. The PALSs were divided into a large central area surrounding the central arteriole, and a thinperipheral area. The central area was densely populated with small lymphocytes while the peripheral area contained mainly small lymphocytes and a small proportion ofmedium-sized lymphocytes. The marginal zone, separating the PALSs from the red pulp, was loaded with medium-sized lymphocytes. Primary follicles were seen in some sections of white pulp (Fig. 1) .
The white pulp of spleens from 21-day-old hydrocortisone-treated rats was found to be largely depleted of small lymphocytes (Fig. 2) . There were no distinct central PALSs, only small collections of mainly medium-sized lymphocytes with some small lymphocytes surrounding the central arteriole. The marginal zone was normal in appearance. No primary follicles were detected in the white pulp of hydrocortisone-treated rats.
In both 42-day-old vehicle-and hydrocortisonetreated rats, the white pulp was similar ( Fig. 3 ). It was divided into 3 distinct areas: the PALSs surrounding the central arteriole; the follicle, at the periphej of the PALSs; and the marginal zone, which surrounds both the PALSs and follicle. In both groups, the large central area of the PALSs was densely populated with mainly small lymphocytes 'and occasional medium-sized lymphocytes. Both the peripheral PALSs, and the follicle, which is considered as an extension from it, contained a mixture af.,qainly small and medium-sized lymphocytes. T"e'.marginal zone, which contained predominantly medium-sized lymphocytes, separated the PALSs and follicle from the red pulp and was separated from them by marginal sinuses. Secondary follicles, characterized by the presence of pale germinal centers, were frequently seen in both groups.
Iinimiioperoxidase Staiiiiiig
Nearly (Fig. 4) . The marginal zone was almost,completely filled with OX12+ cells (B cells), while some cells were also present in the peripheral PALSs (Fig. 5) . In case of hydrocortisone-treated rats, however, only small collections of OX52+ cells were found sur-rounding the central arteriole (Fig. 6) . No apparent change was detected in OX12+ cells of the marginal zone. Due to the shrinkage of the PALS areas, the cells of the marginal zone appeared to encroach upon the central arteriole (Fig. 7) . On the other hand, the picture was similar in spleens from 42-day-old rats ofboth groups. OX52+ cells densely populated the P A U S (Fig. 8) , with small numbers in the follicle and marginal zone. OX12+ cells almost completely filled the follicle and marginal zone, while some cells were present in the PALSs, particularly in the peripheral zone ( Fig. 9) .
DISCUSSION
The results show that the PALSs in 21-day-old hydrocortisone-treated rats, 2 days following the cessation of alternate-day therapy, were greatly depleted of small lymphocytes. Such lymphocytes were shown to be of the T type, by immunostaining techniques, as was seen previously (9, 10, 13) . No apparent change in'the number of B cells was observed. Maturity of the immune system seemed to be somewhat retarded, since primary follicles were not detected as they were in the spleens of vehicle-treated rats.
On the other hand, at day 42, 23 days following the cessation ofalternate-day therapy, the white pulp in both groups was similar. Small T lymphocytes filled the PALSs of hydrocortisone-treated rats as frequentlyas they did in the spleen ofvehicle-treated animals. Secondary follicles appeared in almost all sections.
Our results, in immunologically immature animals, do not agree with hydrocortisone producing a redistribution of recirculating lymphocytes to peripheral lymphoid organs, as is seen with adults (7, 15) . The spleen appears greatly depleted from T cells, 2 days following the cessation of hydrocortisone therapy when there is also a significant lymphocytopenia (see our preceding article). In contrast, at this same time, we could not histologically detect any apparent change in the numbers of B lymphocytes in the spleen. Moorehead and Claman (18) suggested that the spleen contains 2 populations of T lymphocytes: One, a corticosteroid-sensitive nonrecirculating population, comprising the majority of T lymphocytes in the spleen, and selectively lysed by hydrocortisone; and the other a corticosteroid- resistant recirculating minority population of T lymphocytes, which is redistributed to the bone marrow from the circulation.
Histological findings in the spleen correspond to hydrocortisone effects on the thymus. Previous studies in rats confirmed that the exodus of cells from the thymus was much greater in newborns and during the weaning period than in adult life (26) . Other studies established that the thymus, the only developed lymphoid organ in neonatal rat (6), is particularly vulnerable to the effects of corticosteroids (1 1). In the preceding article, we reported that the thymus was severely reduced in size in 21-dayold hydrocortisone-treated rats, coincident with the T-cell depletion seen in spleen. Moreover, the significant increase in the percent thymushody weight, 23 days following the cessation of hydrocortisone therapy was coincident with the repletion of the T-cell population in spleen observed at the same time.
The thymus may be critical to the immune system of rat in the first few weeks of life, as studies on thymectomized animals indicate (20) . The PALSs in the white pulp of the spleen in thymectomized rats suffered from a severe depletion of small lymphocytes (25) . Furthermore, thymectomized rats suffer, as well, from depression of the level of circulating small lymphocytes (5). Such findings are compatible with ours, where hydrocortisone may produce a functional thymectomy (6). On the other hand, upon leaving the thymus, T lymphocytes become more resistant to cortisone (2 1). So, it may be that the effects of hydrocortisone on the histology of the spleen in immunologically immature rats is mainly due to its action on the thymus. Splenic lesion is reversible and greatly depends on thymus recovery following the cessation of hydrocortisone treatment.
Although it appears that hydrocortisone causes lysis of small T lymphocytes of the PALSs it may have a different effect on medium-sized B lymphocytes of the marginal zone. Medium-sized lymphocytes of the marginal zone of the spleen are reported to be responsible for IgM synthesis (19, 24) . Our findings show a significant decrease in IgM produc: tion (see our preceding article) throughout the enfire period of study. The inhibitory effect of corticosteroids on synthesis and release ofinterleukin 1, which participates in differentiation and proliferation of activated B cells, and their ultimate synthesis of antibodies (16) might be the cause of the decrease in IgM concentration observed. Moreover, this effect appears not to be thymus-related, because rats sacrificed 23 days after cessation of the therapy showed thymus recovery with an increasing but still significantly decreased IgM concentration. Further-more, thymus lesion is associated with a decrease in IgA but not IgM concentration (3, 4).
The time of appearance of primary follicles was reported to be normal in thymectomized rats (1 3). In our study, although primary follicles are not seen in spleens of the hydrocortisone-treated group, we cannot confirm that there is retardation in their appearance. However, primary follicles were occasionally observed in spleens of the vehicle-treated group. It may be that primary follicles, detected around the age of 3 wk (13, 24) , are subjected to normal individual variations in their time of appearance.
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